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SPECIFICATION 



Portable Radio 



5 Technical Field 

The present invention relates generally to portable radio or mobile 
radio sets and particularly to those having a housing (hereinafter referred 
to as a "cover") opened and closed, as desired, and provided with an 
antenna. 

10 

Background Art 

In Japanese Patent Laying-Open No. 8-186518 an example of a radio 
communication apparatus is disclosed having a cover opened and closed, as 
desired, and provided with an antenna (hereinafter referred to as a "cover 

15 antenna"). 

This cover antenna has first and second components and when the 
cover is opened the first component is tuned in to an operating frequency of 
a transmission and reception circuit and when the cover is closed the 
second component is tuned in to the operating frequency of the 

20 transmission and reception circuit. As such whether the cover is opened or 
closed the cover antenna can be tuned in to the operation frequency of the 
transmission and reception circuit. 

The radio communication apparatus disclosed in the above document, 
however, would have a cover provided with two substantial antennas and 

25 these antennas that are coupled are a concern as antenna efficiency may be 
decreased. Furthermore the cover antenna as described above would 
require two power feed lines which are also difficult to provide as they are 
required to be provided at a connection (a hinge) of the cover and the 
housing. 

30 

Disclosure of the Invention 

The present invention has been made to overcome the disadvantages 
as described above. An object of the present invention is to provide a 
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portable radio or mobile radio set having a cover opened and closed, as 
desired, and provided with an antenna, wherein provision of a power feed 
line can be facilitated while reduction of antenna efficiency can be 
prevented. 

5 The present invention provides a portable radio including: a casing ; 

a cover attached to the casing and opened and closed as desired; an 
antenna formed by providing a notch in a conductive layer incorporated in 
the cover; and power supply or feeding means for exciting the antenna. 

Since the cover can incorporate a conductive layer notched to form an 
10 antenna, as described above, even with the cover closed a wide band can be 
ensured for a return loss of approximately no more than - 6dB, as shown in 
Fig. 2. As such, whether the cover is opened or closed, a single antenna 
can be sufficient and it is no longer necessary to provide the cover with two 
antennas, as conventional. Consequently, reduction of antenna efficiency 
15 can be reduced. Since a single antenna suffices a single power feeding line 
accordingly suffices and it can thus readily be provided. 

Preferably the conductive layer is provided substantially throughout 
the cover and the notch starts from an end of the cover free of a connection 
to the casing and extends in the cover inwardly. 
20 Furthermore the notch preferably extends in the direction of the 

length of the casing. This allows a polarized wave to be provided in a 
direction orthogonal to the direction of the length of the casing to produce 
vertical polarization in use. 

Preferably the notch has a length corresponding to one fourth of a 
25 wavelength. Furthermore, preferably the notch as seen lengthwise has 

one end larger in width than the other end. A further increased band can 
be provided if the one end of the notch as seen lengthwise is positioned 
opposite a connection of the cover and the casing or corresponds to a top 
end of the notch (an end thereof that is opened). Furthermore, if it is 
30 positioned closer to the connection of the cover and the casing or closer to a 
foot of the notch, the notch can be reduced in length. 

The notch may at least partially be bent in geometry. This can also 
reduce the notch in length. 



-2 - 



Preferably the casing is provided with a resonator excited by the 
antenna. The resonator may be a V4 wavelength resonator having one end 
with short circuit and the other end with open circuit or a V2 wavelength 
resonator having opposite ends with open circuit. Furthermore the 
5 resonator is preferably positioned to be adjacent to the antenna when the 
cover is closed. 

The present portable radio preferably includes: first and second 
matching circuits; detection means detecting whether the cover is open or 
closed; a first switch switching according to a result obtained from the 
10 detection means, to connect the first and second matching circuits to the 

antenna; and a second switch switching according to a result obtained from 
the detection means, to connect the first and second matching circuits to 
the power feeding means. 

15 Brief Description of the Drawings 

Fig. 1 schematically shows a configuration of a portable radio in a 
first embodiment of the present invention. 

Fig. 2 represents a relationship between return loss and frequency 
for the antenna of the Fig. 1 portable radio when the cover is closed. 
20 Fig. 3 schematically shows a configuration of a portable radio in a 

second embodiment of the present invention. 

Fig. 4 represents a relationship between return loss and frequency 
for the antenna of the Fig. 2 portable radio when the cover is closed. 

Fig. 5 schematically shows a configuration of a portable radio in a 
25 third embodiment of the present invention. 

Fig. 6 schematically shows a configuration of a portable radio in a 
fourth embodiment of the present invention. 

Fig. 7 schematically shows a configuration of a variation of the Fig. 6 
portable radio. 

30 Fig. 8A schematically shows a configuration of a portable radio in a 

fifth embodiment of the present invention. 

Fig. 8B shows the Fig. 8A portable radio with the cover closed. 
Fig. 9 represents a relationship between return loss and frequency 
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for the antenna of the Fig. 8A portable radio when the cover is closed- 
Fig. 10 schematically shows a configuration of a portable radio in a 
sixth embodiment of the present invention. 



5 Best Mode for Carrying Out the Invention 

Hereinafter the embodiments of the present invention will be 
described with reference to Figs. 1-10. 
First Embodiment 

Fig. 1 schematically shows a configuration of a portable radio or 
10 mobile radio set 1, such as a mobile wireless phone, in a first embodiment 
of the present invention. 

As shown in Fig. 1, portable radio 1 includes a casing 2, a cover or 
flip 3 opened and closed, as desired, an antenna 5 and a power feed means 
6. 

15 Cover 3 is formed of dielectric material such as organic polymer and 

it internally has antenna 5. Antenna 5 is formed by providing a notch 4 in 
a conductive layer provided to cover 3. The conductive layer is formed for 
example of metal and it can for example be plated or provided through 
vapor deposition. In Fig. 1 the conductive layer has a U-letter, planar 

20 geometry and it is provided across substantially throughout cover 3. 

As shown in Fig. 1, notch 4 extends in a direction of a length of 
casing 2, extending in cover 3 inwardly starting from an end of cover 3 that 
is not connected to casing 2. Notch 4 has a length Ll preferably of one 
forth of a wavelength (V4). 

25 With reference to Fig. 2, since antenna 5 as described above is 

provided in cover 3, with cover 3 closed a wide bandwidth of approximately 
130 MHz is provided for a return loss of no more than - 6dB. Thus, 
whether cover 3 is opened or closed, a single antenna 5 is sufficient and it is 
no longer necessary to provide the cover with two antennas, as conventional. 

30 This can reduce reduction of antenna efficiency and also reduce the number 
of power feed lines. 

Second Embodiment 

Reference will now be made to Figs. 3 and 4 to describe a second 
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embodiment of the present invention. As shown in Fig. 3, in the second 
embodiment a notch 4a is different in geometry from notch 4 of the first 
embodiment. More specifically, notch 4a is wider at an end located 
opposite a connection of cover 3 and casing 2 (an end moving away from 
5 casing 2 when cover is opened). The remainder of the configuration is 
similar to the Fig. 1 example. 

With reference to Fig. 4, notch 4a having an end increased in width 
results in a further increased bandwidth of approximately 150 MHz for the 
return loss of no more than - 6dB with cover 3 closed. Thus the present 
10 embodiment can provide a further increased bandwidth. 

While in the Fig. 3 example notch 4a linearly tapers to have a 
gradually increasing width it may have any other forms that can permit 
notch 4a to be larger in width at a top than a bottom or root. Also note 
that notch 4a has a length L2 for example of X divided by four. 
15 Third Embodiment 

Reference will now be made to Fig. 5 to describe a third embodiment 
of the present invention. With reference to Fig. 5, in the third embodiment 
notch 4 has a foot or short circuit 7 located closer to a connection of cover 3 
and casing 2 and having a width W2 larger than a width Wl of a portion of 
20 notch 4 other than foot 7. The remainder of the configuration is similar to 
the Fig. 1 example. 

Notch 4 has width Wl for example of approximately X divided by 40 
and width W2 preferably of approximately three times width Wl since 
notch 4 having foot 7 with large width W2 allows notch 4 to be reduced in a 
25 length L3 and thus antenna 5 to be compact. 

While in the Fig. 5 example foot 7 is rectangular in geometry it may 
have any geometry selected as desired that has width W2 larger than width 
Wl. 

Fourth Embodiment 
30 Reference will now be made to Figs. 6 and 7 to describe a fourth 

embodiment of the present invention and a variation thereof. As shown in 
Fig. 6, in the fourth embodiment a notch 4c meanders. Alternatively, as 
shown in Fig. 7, notch 4 may have only a foot 8 meandering. The 
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remainder of the configuration is similar to the Fig. 1 example. 

At least partially meandering notch 4, 4c, as described above, can be 
reduced in lengths L4 and L5 and thus allow antenna 5 to be compact. 

Fifth Embodiment 

5 Reference will now be made to Figs. 8A and 8B and 9 to describe a 

fifth embodiment of the present invention. 

As shown in Figs. 8 A and 8B, in the fifth embodiment casing 2 is 
provided with a resonator 9. The remainder of the configuration is similar 
to the Fig. 1 example. 
10 Resonator 9 is positioned to be adjacent to antenna when cover 3 is 

closed, and it is excited by antenna 5 contactless. 

With reference to Fig. 9, the provision of resonator 9 results in two 
bands for the return loss of no more than - 6dB. Thus consequently a 
wide band can be achieved. 
15 As shown in Fig. 8A, resonator 9 may have one end with short circuit 

and the other end with open circuit to be a X U resonator (a resonator having 
a length L6 of X divided by four) or it may have opposite ends with open 
circuit to be a x k resonator. 
Sixth Embodiment 
20 Reference will now be made to Fig. 10 to describe a sixth 

embodiment of the present invention. As shown in Fig. 10, in the sixth 
embodiment portable radio 1 includes first and second matching circuits 12 
and 13, means 14 for detecting whether cover 3 is open or closed, and first 
and second switches 10 and 11. 
25 The first matching circuit 12 is connected to antenna 5 when cover 3 

is opened. The second matching circuit 13 is connected to antenna 5 when 
cover 3 is closed. In parallel with the second matching circuit 13 is 
provided a resonation circuit (not shown). 

Means 14 can for example be that as disclosed in Japanese Patent 
30 Laying-Open No. 6-291820. A result obtained from mean 14 is referred to 
to control the first and second switches 10 and 11. 

According to a result obtained from means 14 the first switch 10 
switches to connect the first and second matching circuits 12 and 13 to 
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antenna 5, as described above. According to a result obtained from mean 
14 the second switch 11 switches to connect the first and second matching 
circuits 12 and 13 to power feeding means 6. That is, when cover 3 is 
opened the first matching circuit 12 is connected to power feeding means 6 
5 and when cover 3 is closed the second matching circuit 13 is connected to 
power feeding means 6. 

The present invention has been described and illustrated in detail 
with reference to the embodiments. It may be provided in an appropriate 
combination of the features of the embodiments. It is clearly understood 
10 that the same is by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present invention 
being limited only by the terms of the appended claims. 

Industrial Applicability 
15 The present invention is usefully applicable to portable radios with a 

casing provided with a cover or flip opened and closed, as desired, and 
provided with an antenna. 
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CLAIMS 



1. A portable radio comprising: 
a casing (2); 

a cover (3) attached to said casing (2) and opened and closed as 
desired; 

an antenna (5) formed by providing a notch (4) in a conductive layer 
incorporated in said cover (3); and 

power supply means (6) for exciting said antenna (5). 

2. The portable radio according to claim 1, wherein: 

said conductive layer is provided substantially throughout said cover 
(3); and 

said notch (4) extends from an end of said cover (3) free of a 
connection to said casing (2). 

3. The portable radio according to claim 1, wherein said notch (4) 
extends in a length direction of said casing (2). 

4. The portable radio according to claim 1, wherein said notch (4) 
has a length (LI) corresponding to one fourth of a wavelength. 

5. The portable radio according to claim 1, wherein said notch (4) as 
seen lengthwise has one end larger in width than the other end. 

6. The portable radio according to claim 5, wherein said notch (4) 
has said one end positioned opposite a connection of said cover (3) and said 
casing (2). 

7. The portable radio according to claim 5, wherein said notch (4) 
has said end positioned closer to a connection of said cover (3) and said 
casing (2). 



8. The portable radio according to claim 1, wherein said notch (4) is 
at least partially bent in geometry. 

9. The portable radio according to claim 1, wherein said casing (2) 
is provided with a resonator (9) excited by said antenna (5). 

10. The portable radio according to claim 9, wherein said resonator 
(9) includes a V 4 wavelength resonator having one end with short circuit 
and the other end with open circuit. 

1 1. The portable radio according to claim 9, wherein said resonator 
(9) includes a V 2 wavelength resonator having opposite ends with open 
circuit. 

12. The portable radio according to claim 9, wherein said resonator 
(9) is positioned to be adjacent to said antenna (5) when said cover (3) is 
closed. 

13. The mobile radio set according to claim 1, comprising: 
first and second matching circuits (12, 13); 

detection means (14) detecting whether said cover (3) is open or 

closed; 

a first switch (10) switching according to a result obtained from said 
detection means (14), to connect said first and second matching circuits (12, 
13) to said antenna (5); and 

a second switch (11) switching according to a result obtained from 
said detection means (14), to connect said first and second matching circuits 
(12, 13) to said power supply means (6). 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

PORTABLE RADIO 



<ISEi!5"f£*&) CtnE3*i*Lfc. 



*mMLx\,^zt*zzizmwv£-r 0 



the specification of which 
S3 is attached hereto. 

was filed on April 20, 



2000 



as United States Application Number or 
PCT International Application Number 
PCT/JPOO/02608 and was amended on 
(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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Prior Foreign Application(s) 
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Japanese Language Declaration 

I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application® for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

□ □ 

Yes No 

□ □ 
Yes No 



(Country) 
(B«) 



(Day/Month/Year Filed) 



(Country) 



(Day/Month/Year Filed) 
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I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(fflHHB) 



(Application No.) 



(Filing Date) 
(tHBB) 
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I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. ' 

(Status: Patented, Pending, Abandoned) 
{WSL : # fFfrnfS?, ^S*. 1&Mffi) 

(Status: Patented, Pending, Abandoned) 

am ■■ mfflfflft* mmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 
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T'oru FUKASAWA- 




Third joint Inventor's signature Date 
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2-3, Marunouchi 2-chome, 
Chivoda-ku. TOKYO 100-8310 JAPAN 






' Full name of fourth joint inventor, if any 
Hiroyuki OHMINE 




Fourth joint Inventor's signature „ Date 

/JZty^JfX fiZ^^o Xto/^P-W 


&m 


Residence ' ~~7(Z4/ 
_ Hvp_qo . Japafi </ia 


mm 


Citizenship 
Japanese 




Post Office Address 

c/o Mitsubishi Denki Kabushiki Kaisha, 




2-3, Marunouchi 2-chome, 
Chivoda-ku. TOKYO 100-8310 JAPAN 





Full name of fifth joint inventor, if any 




Fifth joint Inventor's signature Date 


im 


Residence 


mm 


Citizenship 




Post Office Address 










Full name of sixth joint inventor, if any 




Sixth joint Inventor's signature Date 


em 


Residence 


mm 


Citizenship 




Post Office Address 







(^7^$ /--li-J ftUt»©itR*W#tCj* U X h H*t &ff (Supply similar information and signature for third and sub- 

$g* <t vmi * w*t * z. t . ) sequent ioint inventors - ) 
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